Chemical analysis and morphological studies of fly ash reveals the complex chemical constituents present as spherical particles with diameter of less than 25 m. The constituents of fly ash are silica, alumina, iron oxide, titanium dioxide, calcium and magnesium oxide, and other trace elements. The use of thermosetting as well thermoplastic polymer matrix has been made by several workers to develop polymer matrix fly ash particulate composites by using the hard and abrasive properties of fly ash and lightweight of polymers. Such composites have poor mechanical strength, fracture toughness, and thermal stability. To overcome these shortcomings, in carbonaceous matrix, the carbon fibers were added as additional reinforcement along with the fly ash. The composites were developed with two different methods known as Dry method and Wet method. The processing parameters such as temperature and pressure were optimized in establishing the carbon matrix. Physical, thermal, and mechanical characteristics were studied. The microstructures of composites show good compatibility between fly ash and fibers with the carbon matrix. These composites have higher strength, thermal stability, and toughness as compared to polymer matrix fly ash particulate composites.
Introduction
The spherical shaped materials blown out from the furnace during combustion of coal in thermal power stations make up 75% of ash generated. The spherules when empty are called cenospheres and when filled up with smaller spheres are known as plerospheres [1] . The cenospheres comprise of 0.5-1.0 weight percentage of the fly ash individual particles are chemically fairly homogeneous, but the pronounced compositional variation exists among particles with similar physical and structural attributes [2] . Cenospheres are compressed of nearly stoichiometric mullite (3Al 2 O 3 ⋅2SiO 2 ) needles bonded by aluminosilicate glass of similar composition that offers excellent thermal, elastic, and mechanical characteristics for use in thermostructural applications [3] . Elemental map study through energy filtered TEM shows the aluminosilicate-based and iron oxide based-nanoparticles are present in the fly ash [4] . Unburned organic matter during combustion of coal leaves carbon in three different forms in the fly ash [5, 6] . Fly ash contains toxic elements like Co, Pb, Ni, Cd, Cu, Fe, and Zn in trace [7, 8] .
Particle filled polymer composites have become attractive because of their wide applications and low cost. Polymers such as Nylon 6 [9] , Natural Rubber [10, 11] , Styrene Butadiene Rubber [10] , Epoxy [11, 12] , Poly styrene, Poly Aniline, and HDPE, incorporating inorganic mineral fillers into plastic resin, improve various physical properties of the materials such as mechanical strength, modulus, and heat distortion temperature as compared to neat resin components. In general, the mechanical properties of particulate filled composites depend strongly on size, shape, and distribution of filler particles in the matrix and good adhesion at the interface surface.
However, use of PMCs imposes some real constraints [13] on structural applications due to comparatively weak matrix, imbibe water, and other liquids to a significant degree cannot perform well at moderate elevated temperature, internal cracking is so common, higher thermal expansion, maintaining good adhesion is difficult, chemical and thermal degradations in service often occurs. The addition of short PANOX fibers matrix allows stress transfer across the matrix crack to improve toughness. Therefore, in the present work, the addition of fly ash to the carbonaceous precursor with the additional reinforcement carbonaceous/carbon fibers was carried out to fabricate composite. These composites were characterized and it was seen that the additional reinforcement with the fly ash as filler could improve the strength of the composites as compared to single reinforcement.
Experimental

Materials Used.
Fly ash was obtained from thermal power plant, Ahmedabad with specific gravity 2.19, and its composition is given in Table 1 . Particle size distribution given in Figure 1(a) shows the size of the particles is less than 25 . The SEM micrograph Figure 1 (b) shows fly ash particle shape is mainly spherical.
Morphology most frequently seen is cenospheres others are the fragments and lumpish organic particles. Novolac type phenolic resin powder with hardener obtained from Gujarat Phenolic synthetics Pvt. Ltd. Baroda was used as carbon precursor. Short PANOX fibers and PAN-based carbon fibers used as reinforcement. Surface oxygen complexes of both types of fibers are given in Table 2 .
Procedure.
The raw materials, namely, fly ash, PANOX, and resin, were mixed via two routes, namely, dry powder method (pr) and wet solution method (sr).
Dry Method.
In the dry route, milling of the raw materials was carried out for uniform mixing. Powder mixture was pressed in a die at 20-30 MPa pressure with temperature up to 150 ∘ C. Rectangular green composite blocks of size 150 × 30 × 5-7 mm were prepared. These green composites samples were heat treated at 1000 ∘ C under inertatmosphere.
Wet Method.
Fly ash and fibers were first mixed in the phenolic resin solution and stirred well till fibers were uniformly distributed in the solution. This mixture was oven dried at 60-65 ∘ C. Rectangular green composite blocks of size 150 × 30 × 5-7 mm were prepared. These green composites samples were heat treated at 1000 ∘ C under inert atmosphere.
Characterization.
Particle size analysis of the fly ash was carried out by using particle size analyzer (PSA2001) working on the principle of Stock's law of sedimentation under LASER light. The samples were characterized for their physical properties; for example, density and open porosity. Open porosity was determined using kerosene under vacuum at ∼0.01 bar. Bulk densities were measured through dimension and mass ( /V). Optical microscopy of the composites were studied under the optical microscope (LABORLUX 12 POL S) after fine polishing with using alumina powder with particle size up to 0.05 m. polished surface was observed for the distribution of fly ash particles and fibers in the Surface morphology of the composites were observed in Scanning Electron Microscope HITACHI S 3000 N after coating with conducting layer of Pt-Pd alloy through ion sputter (HITACHI E-1010). Thermal oxidation behavior of the composites in air was studied by TGA (Mettler TG50) and the coefficient of thermal expansion was measured using Mettler TA4000. Flexural strength was measured through Shimadzu AG-100kNG. Rockwell hardness of the composites was measured by digital Rockwell hardness tester TRSDM.
Results and Discussion
Physical characteristics of the composites prepared through solution route (sr) and powder route (pr) heat-treated at 1000 ∘ C are shown in Figure 2 . It shows that the densities of the composites prepared through solution route are lower than that of dry powder method. Open porosity is higher than that of the composites made through powder route (pr). As the amount of phenolic resin increases, the density increases and open porosity decreases in both the cases. As the amount of fly ash is higher, it hinders the compaction during pressing; hence, it leave higher porosity.
Thermal behavior of the composites in air gives information about thermal oxidative stability of composites during high temperature applications. Figure 3 shows TGA curve of carbon/ceramic composites with and without fibrous reinforcement heat-treated at 1000 ∘ C for 1 hour. Most of the composites show the onset of weight loss at 450-600 ∘ C in air. Only single steep decrease in weight was observed in most of composites. Also composites made with fly ash show more thermal stability as compared to pure glassy carbon. Thus the addition of particulate reinforcement provides more interfacial bonding and more thermal stability ( Table 3) .
The optical micrograph (Figure 4(a) ) shows the well distribution of the fly ash particles in the glassy carbon matrix. Optical activity was observed at the interface between fly ash particles and carbon matrix at 1000 ∘ C. This reveals the presence of turbostratic carbon present at the interface due to shearing forces during the shrinkage of the matrix and also due to effect of the metal oxides present [14] [15] [16] in the fly ash particles. (Figure 4(b) ), SEM micrograph of composites HTT at 1000
∘ C at lower magnification shows well-established matrix and (Figure 4 themicron size fly ash particle, which forms and protrudes out on the surface during heating [17] . Figure 4 (e) shows the well interfacial bonding between the fiber and matrix without any crack because here matrix as well as fibers both shrink together during heat-treatment and it also possess more surface functional groups compared to the carbon fiber as mentioned in Table 2 , which helps in the strong bonding [17] . Composite with carbon fiber (Figure 4(f) ) shows less bonding with matrix and shrinkage cracks are also seen in the matrix due to thermal stresses during heat-treatment. Figure 5 shows the curve of coefficient of thermal expansion of various composites with and without fibers. Composite made with only fly ash shows higher expansion as compared to the composites made with fibers. As the amount of fly ash increases, thermal expansion increases. The constituents of the fly ash are oxide ceramics like SiO 2 (CTE 6.7 × 10 −6 / ∘ C) and Fe 2 O 3 (5.20 × 10 −6 / ∘ C), that is, which possess higher individual thermal expansion coefficient as compared to carbon. Chopped fibers are oriented in different directions. Therefore, the expansion in fiber dominated composites is slight low.
Flexural strength of the carbon-ceramic composites is shown in Figure 6 . It is highly understandable that the high strength in the composite can be achieved by utilizing fiber strength in the composite. Therefore, stabilized PAN fibers are added in the composites to improve the strength and stiffness of carbon/ceramic composites. The fracture mode of the composites was brittle fracture. The figure represents that as the amount of the fiber increases the flexural strength of the composites increase and also as the amount of carbon matrix increases the flexural strength increases. In case of high fly ash composites the strength is low due to more porosity as shown in Figure 2 . The carbon/ceramic composites fabricated using fly ash only as reinforcement was analyzed for Rockwell hardness and results are shown in Table 4 . Rockwell hardness of carbon/ceramic composites depend on the bonding between matrix and the reinforcements. bonding between matrix and fly ash particles in case of high weight percentage of fly ash in composites. Table 5 shows the Rockwell hardness of composites made by using fly ash and fibers as reinforcements. This shows that the composites with fiber addition along with fly ash show more hardness.
Conclusion
Fly ash particles show good compatibility with the carbon matrix along with the fibers. Fly ash can be best utilized, with and without addition of carbonaceous fibers, as raw material for making carbon-ceramic composites for mechanical applications using powder compaction route. The addition of fibers improves the strength and toughness of the fabricated composites.
